This paper explores new elementary teachers' instructional representations and how these are related to their science subject matter knowledge. One pair of prospective elementary teachers studied here exhibited a well-integrated, principled, and scientifically accurate understanding of the science they were teaching. The other pair exhibited less scientifically accurate and integrated knowledge. The pair with stronger subject matter knowledge developed instructional representations that were more scientifically and pedagogically appropriate. A perspective on one aspect of pedagogical content knowledge-knowledge of instructional representations-is presented. Real-world applications are hypothesized to play a crucial mediating role for elementary teachers. The paper concludes with a discussion of implications for elementary science teacher educators and researchers, including the importance of attending to how prospective teachers apply science knowledge to real-world situations. * Parts of this work were presented at the 2000 AERA and NARST meetings.
Introduction
Teaching inquiry-oriented science is challenging. Understanding subject matter is necessary, but not sufficient (Ball & Bass, 2000; Grossman, 1990; Magnusson, Krajcik, & Borko, 1999) for planning and enacting inquiry-oriented science lessons of the type recommended by Project 2061's Benchmarks for Science Literacy (American Association for the Advancement of Science, 1993), the National Science Education Standards (National Research Council, 1996) , and other reform documents. Prospective elementary science teachers face particular challenges in teaching inquiry-oriented science. Elementary teachers generally have less science subject matter knowledge than do secondary teachers (Anderson & Mitchener, 1994) . Most elementary teachers teach at least language arts, mathematics, social studies, and science; some also teach art, music, physical education, computers, and other subjects.
Even within the subject of science, elementary teachers face a daunting task since they are responsible for all areas of science-including life, physical, and earth sciences. Prospective elementary teachers-simply by virtue of being novices-also do not have the general pedagogical knowledge veteran teachers have gained through years of experience. Perhaps most critical, prospective elementary teachers may not anticipate the range of their students' ideas about science, know about available science curricular materials (e.g., FOSS, SCIS) or instructional approaches (e.g., the learning cycle, project-based science), or recognize effective instructional representations. These are all crucial aspects of what Shulman (1986) termed pedagogical content knowledge (PCK).
We explore relationships between subject matter knowledge and pedagogical content knowledge, paying particular attention to prospective teachers' instructional representations of science topics. For example, a science teacher might use water flowing through a hose as an instructional representation when teaching about electricity and would need to understand the ways in which the flow of electrons is similar to and different from the flow of water (McDiarmid, Ball, & Anderson, 1989) . We also pay particular attention to the ways in which the prospective teachers interpret and use real-world applications. By real-world applications, we mean situations in which scientific principles are applied-usually implicitlyto everyday situations. We elaborate on our meaning of real-world applications below.
Important work has explored what may constitute and influence a teacher's PCK (e.g., Fernandez-Balboa & Stiehl, 1995; Gess-Newsome, 1999; Grossman, 1990; Magnusson et al., 1999; Smith & Neale, 1989; van Driel, Verloop, & de Vos, 1998) . Following the calls of van Driel et al. and others for empirical work on the development of PCK, in this paper we characterize prospective teachers' knowledge and describe ways in which subject matter knowledge may relate to pedagogical decisions. Our primary research question is "What does pedagogical content knowledge-especially knowledge of instructional representations-look like among prospective teachers?" We then hypothesize about the role of real-world applications in the development of this aspect of PCK.
In brief, we show that inappropriate real-world applications of science topics may be indicators of weaknesses in prospective teachers' science subject matter knowledge, as well as harbingers of problematic pedagogical moves in the future, such as the use of inappropriate instructional representations. On the other hand, we also demonstrate how appropriate real-world applications can promote the development of strong science subject matter knowledge and PCK.
Through this work, we hope to inform science teacher education researchers and practitioners. The perspective on instructional representations that we present may contribute to researchers' knowledge of the development of PCK among teachers, in general, as well as more specifically among new elementary science teachers. It may also help science teacher educators be more effective and efficient at identifying and dealing with strengths and areas of concern among their students, preservice science teachers.
